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ABSTRACT 

By taking into account relativistic corrections to the magnetic dipole operator, the 
theoretical [OIII] 5006.843/4958.511 line intensity ratio of 2.98 is obtained. In order 
to check this new value using AGN spectra we present the measurements of the flux 
ratio of the [OIII] AA4959, 5007 emission lines for a sample of 62 AGN, obtained from 
the Sloan Digital Sky Survey (SDSS) Database and from published observations. We 
select only high signal-to-noise ratio spectra for which the line shapes of the [OIII] 
AA4959,5007 lines are the same. We obtained an averaged flux ratio of 2.993 ± 0.014, 
which is in a good agreement with the theoretical one. 
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1 INTRODUCTION 

The forbidden [OIII] A4958.911 A (2s 2 2p 2 1 D 2 -2s 2 2p 2 3 Pi) 
and A5006.843 A (2s 2 2p 2 1 D 2 - 2s 2 2p 2 3 P 2 ) spectral lines 
are among the most prominent emission lines, not only in 
the spectra of photoionized nebulae, but also in the spectra 
of photoionized gas around Active Galactic Nuclei (AGN) 
due to the relatively high abundance of doubly charged oxy- 
gen ions. These lines are typical for AGN and originate 
from the ionized Narrow Line Region (NLR) gas surround- 
ing the accreting super massive black hole in the centre (see 
IOsterbrocklll989l) . It should be emphasized that since they 
are located in the centre of the visible band they are very of- 
ten observed in spectra of HII regions, photoionized nebulae 
and AGN. Because of observational and physical circum- 
stances this pair of lines are suitable to: (a) test observa- 
tionally the accuracy of theoretical calculations from atomic 
theory; (b) check the linearity of the detectors in use; (c) 
eventually test the assumptions on the target physics under 
extreme circumstances (optical thickness effects). 

These two spectral lines are the result of magnetic 
dipole transitions with a small contribution of electric 
quadrupole radiatio n. The elaborate theoretical work of 
iGalavis et all lll997l) provided th e [01111 5006.843/4 9 58.911 
intensity ratio value of 2.89. IStorev fc Zeippenl (|200(J) 
checked this result by using photoionized gaseous nebu- 
lae spectra, where these lines can be observed with a very 
high signal-to-noise ratio. They found a small, but well- 
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established, differen ce of 4-9 per cent between observations 
and theory. Namely iRosal il985l) dedu ced an intensity ratio 
of 3.03 ± 0.03, while measurements of live et al. | lll987f) pro- 
vided a value of 3.17 ± 0.04, and that of iLeisvl al996T) the 
value of 3.00 ± 0.08. 

In order to improve the agreement between observa- 
tions and theory. Istorev fc Zeippenl (l200CTt took into account 
the relativistic corrections to the magnetic dipole operator, 
demonstrating that they affect the transition probabilities 
for the [OIII] A5006.843 A and A4958.911 A lines. They 
obtained the A- value ratio of 3.01, implying a line inten- 
sity ratio of 2.9 8, which is o nly two percent or less different 
from the values IRosal dl985l) and lLeisvl il996T) obtained from 
gaseo us nebulae spect ra, and 6 per cent different from the 
value live et al] <ll987f) obtained from the central region of 
starbu rst galaxy Tololo 1924-416 (H II regions), live et ail 
Jl987f) found a spatial variation of the forbidden line pa- 
rameters, where the ratio is found to vary from 2.63 ± 0.15 
to 3.33 ± 0.07 along the slit (see their table 3 and fig. 10) 
with a mean value of 3.17 ± 0.04, which significantly devi- 
ates from theoretical ratios (IStorev fc Zeippenl EoOO). The 
authors mentioned that such results might be caused by the 
detector's nonlinearity. 

IStorev fc Zeippenl <l2000l) also underlined the necessity 
to additionally check their theoretical improvement of the 
line intensity ratio by the corresponding observation in pho- 
toionized gaseous nebulae spectra. However, due to instru- 
mentational improvements the accuracy and resolution of 
observed spectra has increased to the point where we can 
now use AGN spectra for such purposes. 

The [OIII] AA4959,5007 lines originate in the NLR of 
an AGN, the region with conditions which differ from those 



2 M.S. Dimitrijevic, L.C. Popovic, J. Kovacevic, M. Dacic and D. Ilic 



in photoionized gaseous nebulae: i) the emission comes from 
a spatially very extended region, so that one can expect 
quite different physical and kinematical conditions in differ- 
ent parts of a NLR 1 , ii) the dust on large spatial scales can 
result in orientation-dependent effects on NLR line fluxes. 
However, one can expect that the forbidden-line emission is 
isotropic since self-absorption in narrow lines is negligible. 
Therefore, due to the significance of this pair of lines, it is 
important to check whether their flux ratio is in agreement 
with theory. Only then can it be reliably used for different 
checks of theoretical assumptions concerning the physics of 
the NLR and photoionized gaseous nebulae. 

The aim of this paper is to check, with the help of 
a large sample of AGN spectra, the improved theoretical 
value of the [OIII1 5006 .843/4958.511 line intensity ratio 
JStorev fc Zeippenl Eciooh . Additionally, we want to inves- 
tigate the usability of the AGN [OIII] 5006.843/4958.511 
emission line flux ratio for checks of various theoretical as- 
sumptions and for checks of linearity of detectors in use. 
In order to do so we will measure the considered flux ra- 
tio of the [OIII] lines in a large sample of AGN. More- 
over, we will derive some explicitly or implicitly given 
flux ratios of t he [OIII1 AA5007, 4959 lines in the ex- 
isting literature ijNazarova et al.lll99rl : iBahcall et al.ll2004l 
iDietrich et alJl2005l) . obtained fo r galaxies and qua s ars in 
order to compare them with the IStorev fc Zeippenl (l200Cl) 
[OIII] 5006.843/4958.511 line intensity ratio and with our 
results. 



Table 1. The flux ratio R of the [OIII] AA5007, 4959 lines of 62 
AGN. The initial sample of 62 AGN is successively reduced to 34 
by discarding line profiles of lower quality. 



Number of AGN in the sample 


R 


62 


2.992 ±0.014 


56 


2.986 ± 0.012 


40 


2.994 ±0.014 


34 


2.993 ± 0.014 



Table 2. The flux ratio R of the [OII I1 AA4959, 5007 lines of 12 
NLS1 galaxies, derived on the basis of lDietrich et all 120051) . 



Object 


R 


Mrk 705 


3.00 


Mrk 1239 


2.90 


Mrk 734 


2.92 


NGC 4748 


2.99 


Mrk 783 


2.92 


IRAS 13224-3809 


2.94 


CTS J13.12 


3.02 


IRAS 15091-2107 


2.93 


Mrk 291 


2.95 


RXS J20002-5417 


2.94 


ESO 399-IG 20 


3.04 


Mrk 896 


2.88 


The average value 


2.953 ±0.014 



2 THE SAMPLE AND MEASUREMENTS 

We selected our AGN sample, choosing the spectra with 
high signal-to-noise ratio, from Data Release Four (DR4) of 
the SDSS D atabase and from the observations described in 
the paper of lMarziani et ail i2003l) . The SDSS spectra cover 
the wavelength region 3800 A - 9200 A. It was shown that 
the flux-calibration is a few percent o n average, which is im - 
pressive for a fibre-fed spectrograph jTremonti et alj|2004l) . 
iTremonti et alJ ll2004h found that l<r error in the synthetic 
colours is 5 per cent in g(4700A)-r(6200A). The remaining 
(small) flux-calibration residuals are coherent on scales of 
500 A, which has negligible effect on our flux measurements 
that are obtained using an interval of less than 100 A. Conse- 
quently, we exclude the effects of nonlinearity of the detector 
on the measured [OIII] line ratio. 

In our analysis, we first subtracted the continuum by 
using DIPSO software package. In some spectra the Hp and 
Fe II emission lines, which contaminate the [OIII] AA4959, 
5007, lines, were subtracted. 

In order to arrive at a clean sample we defined the fol- 
lowing selection criterion: when scaling the profile of the 
weaker A4959 emission line into the stronger A5007 emis- 
sion line profile, the line profiles of the two lines in question 
should differ insignificantly in the given spectrum (Fig. 1). 
This assures that the measurements of flux ratios and of line 
intensity peak ratios yield identical results. Examples of the 
maximal difference in the line wings and in the central part 

1 Note here that the [OIII] lines observed in AGN very often 
show a blue asymmetry and substructure in shapes (see e.g. 
iLeipski fc Bennerj i2006ft 1 



of the profiles are shown in Fig. 2 and Fig. 3, respectively. 
In these examples the observed spectra, the lines without 
continuum, contaminating Fe II and H/3 emission, and the 
profile of A4959 scaled into the profile of A5007 are presented. 
Our initial sample of 62 AGN was selected using the crite- 
rion that the shapes of the both lines are same or that the 
difference is negligible as shown in Figs (1-3). 

Following the criterion outlined above, from the ini- 
tial sample of 62 AGN, we selected 56, then 40 and finally 
34 spectra, discarding spectra with slightly different [OIII] 
AA4959, 5007 line shapes (Figs. 2, 3). The final sample of 34 
AGN has the best matching of the [OIII] AA 4959, 5007 line 
profiles (Fig. 1). We measured the flux ratio for each sample 
and we present here histograms of the flux ratio values of 
the initial sample of 62 AGN (Fig. 4) and of the final sample 
of 34 AGN (Fig. 5). 



3 RESULTS AND DISCUSSION 

3.1 The flux ratio of the [OIII] AA 4959, 5007 lines 
in spectra of active galaxies and quasars 

The [OIII] A5006.843 A and A4958.911 A both originate from 
the same lower and slightly different upper energy level and 
both have a negligible optical depth since the transitions 
are strongly forbidden, therefore both may b e scaled to ex- 
actly t he same emission- line profile. Moreover. IBahcall et alJ 
( 2004) have shown that the effect of differential reddening on 
the line splitting is of the order of 10 _8 T5oo7, i.e. negligible. 
If there are multiple clouds that contribute to the emission, 
the observed emission-line profiles are c omposed of the sam e 
mixture of individual cloud complexes ( Bah call et aljl2004T) . 
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Figure 1. Example of the selected spectrum (SDSS J082308.29+42252000.00) with the same shapes of the [OIII] A 5007 and A4959 
lines. Left - observed spectrum, in the middle - lines without continuum and contaminating emission, right - the profile of A4959 line 
scaled to the profile of A5007 line. 




Figure 2. Example of the spectrum (PKS 2135-14) where the line shapes are slightly different in the line wings. 



Despite the fact that spectra of galaxies and quasars 
have not been used to explicitly check the theoretical flux 
ratio of the [OIII] AA5007, 4959 lines, there are examples 
where such ratios were obtained as a by-product or could 
be derived from published results l|Nazarova et all Il996t 
iBahcall et al"ll2004l: iDietrich et al.ll2005h . 

For example, iNazarova et al.l <l 19961) investigated the 
Seyfert 1.2 galaxy Mkn 79 with long-slit spectroscopy, using 
the intensity ratio of the [OIII] AA4959, 5007 lines to check 
the accuracy of the flux measurements along the slit. Their 
fig. 2 shows the measured ratios of [OIII] AA4959, 5007 lines 
plotted against position along slit. They report that the ra- 
tio is very close to the value of 2.94, but due to the scatter 
of results and error bars given in their figure, we excluded 
them from present considerations. 

IBahcall et ail l)2004ll used these [OIII] lines of quasars 
with 0.16 < z < 0.80, obtained from the SDSS Early Data 
release, to test whether the fine-structure constant depends 
on cosmic time. As a by-product, they found that the ratio of 
transition probabilities corresponding to the [OIII] AA5007, 
4959 lines is 2.99 ± 0.02. We note that this result obtained 
from spectra o f quasars is in agreement with the theoretical 
value given by IStorev fc Zeippenl i2000T) . IStorev fc Zeippenl 
( 2000) obtained a theoretical ratio of transition probabilities 
of 3.01, which is within the given error bars of the observa- 
tionally derived value. 

IDietrich et alJ l)2005l) measured the NLR emission-line 
flux ratios relative to the flux of the Hp line for 12 Narrow- 



Line Seyfert 1 (NLS1) galaxies. Using the [ OIII] 4959/J/a 
and [ OIII] 5007/-rY/3 flux ratios given in IDietrich et alJ 
120051) . we derived the flux ratio of the [OIII] AA5007, 4959 
lines for these 12 NLS1 galaxies. The results are given in 
Table 2. The average value for the ratio of observed fluxes 
corrected for internal reddening is 2.953 ± 0.014, which also 
supports the theoretical improvement of IStorev fc Zeippenl 



3.2 Our measurements 

The results of our measurements for these three mentioned 
samples are given in Table 1 and in Figs. 4 and 5. As one can 
see from Table 1 and Figs. 4 and 5, discarding line profiles 
with slightly lower quality does not significantly influence 
the result. 

The obtained flux ratio of 2.993 ± 0.014 is in agree- 
ment with the theoretical improvement of lStorev fc Zeippenl 
(2000), who obtained the intensity ratio of 2.98. This is bet- 
ter than some of the earlier values derived from photoion- 
ized gaseous planetary nebulae and HII regions observations, 
which l ed to the pre viously mentione d theore tical reworkin g 
l|Rosal (|l985h - 3.03; live et alJ l)l987h - 3.17; iLeisvl Jl99rt - 
3.00). We s hould note here th at measurements given in lRosal 
l|l985|l and live et all l|l987f) were performed in the 1980s 
and these differences are probably due to the observational 
equipment. 
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Figure 4. Histogram showing the distribution of the measured 
flux ratio for the initial 62 AGN sample. 
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Figure 5. Histogram showing the distribution of the measured 
flux ratio for the final 34 AGN sample. 



provement obtained bv IStorev fe Zeippenl <|2000T) . who de- 
rived an intensity ratio of 2.98. Our observational result sup- 
ports the introduction of theoretical relativistic corrections 
to the magnetic dipole operator in the calculation of the 
corresponding line intensity ratio. 

ii) Our measured flux ratio obtained from AGN spectra 
is in better agreement with the theoretical one compared to 
the same ratio measured from photoionized gaseous plane- 
tary nebulae and HII regions spectra. This is probably not 
caused by different physics, but by technological advances 
and the better instrumentation used in observations of AGN 
spectra. 

iii) Despite the fact that the [OIII] lines in spectra of 
AGN may have very complex line profiles, they can be used 
to check sophisticated theoretical calculations. Also, we have 
demonstrated that, with the development of instrumenta- 
tion, the flux ratio of the [OIII] AA4959, 5007 emission lines 
in AGN spectra (not only in photoionized gaseous nebulae 
and HII regions spectra) may be used to test observation- 
ally the accuracy of theoretical calculations and to check the 
linearity of the detectors. 
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4 CONCLUSIONS 

In order to check the improved theoretical value of the 
intensity ratio of the [OIII] AA5007, 4959 lines we mea- 
sured the corresponding flux ratio in a sample of 62 AGN 
with a high signal-to-noise ratio spectra taken from SDSS 
database (DR4) and from the observations described in 
iMarziani et al.l l|2003t) . Also, from existing literature we com- 
piled measurements of the intensity ratio in AGN spectra 
obtained as a by-product. On the basis of our investigation 
we give the following conclusions: 

i) The flux ratio (2.993 ±0.014) obtained from our mea- 
surements is in good agreement with the theoretical im- 
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